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(Title of the Invention) 

ALUMINUM NITRIDE JUNCTION BODY AND 

METHOD OF PRODUCING THE SAME 
(Technical Field) 

The present invention relates to an aluminum 
nitride junction body obtained by interposing a 
sintered metal layer between the aluminum nitride 
sintered plates which are joined together. More 
specifically, the invention relates to an aluminum 
nitride junction body preferably used as an 
electrostatic chuck for placing a semiconductor wafer 
thereon for treatment in a process for producing a 
semiconductor and to a method of producing the same. 
(Background Art) 

Accompanying the formation of ever fine 
semiconductor chips on a semiconductor wafer, a dry 
process has now been chiefly employed in the step of 
deposition on a semiconductor wafer such as a silicon 
wafer and in the step of etching. Besides, the size 
of the semiconductor wafer is ever increasing for 
improving the yield and for decreasing the production 
cost of semiconductor chips. Under the above 
circumstances, an electrostatic chuck has now been 
used as a support plate for placing a semiconductor 
wafer thereon in the process for producing a 
semiconductor. The electrostatic chuck is capable of 
holding the semiconductor wafer by electrostatically 
adsorbing the whole back surface thereof making it 
possible to effect the deposition on the whole 
surfaces of the semiconductor wafer that is to be 
treated and to conduct the etching treatment. 

Here, the dry process in the step of producing 
the semiconductor, in many cases, uses a halogen type 
corrosive gas such as the one of the chlorine type or 
the fluorine type that is excited with a plasma as an 
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etching gas and as a gass for cleaning the interior of 
the vacuum container after the deposition treatment- 
Depending on the processing conditions, further, a 
quick heating or cooling may often be effected. For 
5 the semiconductor wafers of large sizes, further, a 

thin film must be uniformly deposited maintaining good 
precision and it is, further, required to uniformly 
etch various thin films of large areas formed on the 
semiconductor wafer. Therefore, the electrostatic 

10 chuck must have excellent corrosion resistance against 
halogen type corrosive gases excited with a plasma and 
excellent resistance against thermal shock yet 
maintaining a high heat conduct ivity - 

The electrostatic chuck is usually constructed by 

15 forming a sintered metal layer of a high-melting metal 
as an electrode on a ceramic substrate and joining 
another ceramic substrate that works as a dielectric 
layer thereon. A semiconductor wafer is placed on the 
ceramic substrate. To meet the above request, 

20 therefore, the aluminum nitride sintered body is used 
as the ceramic substrate. 

In the above electrostatic chuck, further, 
maintaining the distance uniform from the contact 
surface between the semiconductor wafer and the 

25 ceramic substrate to the sintered metal layer (i.e., 
maintaining the thickness of the dielectric layer 
uniform) , is necessary for uniformly adsorbing the 
whole back surface of the semiconductor wafer to 
stably hold it. 

30 In order to avoid the problem of dimensional 

change at the time of sintering, the aluminum nitride 
junction body having a sintered metal layer formed 
between two pieces of aluminum nitride sintered 
plates, has heretofore been produced by, first, 

35 preparing aluminum nitride sintered plates, applying 



an electrically conducting paste onto the surface of 
one sintered plate followed by firing to form a 
sintered metal layer and, then, joining another 
sintered plate thereto via an adhesive. 

In connection with the above production method, 
the following prior arts A to C propose that, in order 
to form a sintered metal layer having a relatively 
large thickness (about 15 to about 100 pm) , a groove 
is formed in the sintered substrate and the groove is 
filled with an electrically conducting paste to form a 
layer of a sintered metal. There have further been 
reported that the above means makes it possible to 
obtain an aluminum nitride junction body forming a 
layer of a sintered metal maintaining a uniform 
distance from the surface of the" plate while 
suppressing the warping of the sintered metal layer- 
Prior Art A: Japanese Unexamined Patent 
Publication (Kokai) No. 2002-57207 

Prior Art B: Japanese Unexamined Patent 
Publication (Kokai) No. 2002-176096 

Prior Art C: Japanese Unexamined Patent 
Publication (Kokai) No, 2002-173378 

In the electrostatic chuck, a high voltage of, 
usually, not lower than 1 kV is applied to the 
sintered metal layer, and the dielectric layer 
(ceramic substrate) produces an electrostatic 
adsorbing force. In the latest semiconductor device, 
further, the electrostatic chuck is placed in an 
electrically severe environment in a vacuum chamber in 
the step of dry etching and in the step of CVD. That 
is, a halogen type corrosive gas or a reaction gas is 
introduced into the vacuum chamber, and a high 
frequency of, for example, 13.56 MHz is applied with a 
high voltage of 2 to 3 kV to generate a plasma. In 
order to firmly hold the semiconductor wafer by 



adsorption, therefore, a high DC voltage is applied to 
the electrostatic chuck (sintered metal layer) . 

When the aluminum nitride junction body is to be 
used as an electrostatic chuck, therefore, the 
sintered metal layer must have a very high electric 
conductivity. However, the aluminum nitride junction 
body obtained by the above method involves a problem 
in that the sintered metal layer has a low electric 
conductivity. That is, when the electric conductivity 
is low, a large potential difference occurs in the 
direction of a plane of the sintered metal layer due 
to the resistance, whereby the electrostatic adsorbing 
force becomes uneven arousing a problem in that 
dielectric breakdown occurs in the periphery of the 
sintered metal layer. 

In order to improve the electric conductivity of 
the sintered metal layer, therefore, it can be 
contrived to increase the density of the sintered 
metal layer by using an electrically conducting paste 
containing metal particles having small particle 
sizes- When there is used the electrically conducting 
paste containing metal particles of small particle 
sizes,, however, there takes place the shrinking to a 
conspicuous degree at the time of firing. When the 
aluminum nitride junction body is produced by the 
above-mentioned production method, therefore, the 
sintered metal layer tends to be warped. When a 
recessed portion such as a groove is formed in the 
surface of the AIN sintered plate and the sintered 
metal layer is formed maintaining a thickness of as 
relatively great as 15 to 100 pm, in particular, the 
obtained junction body warps to a conspicuous degree. 

Besides, the aluminum nitride junction body 
obtained by the conventional method involves a problem 
of low junction strength between the sintered metal 



layer and the aluminum nitride sintered plate. 
(Disclosure of the Invention) 

It is therefore an object of the present 
invention to provide an aluminum nitride junction body 
incorporating a sintered metal layer having a 
relatively large thickness and a high electric 
conduction, suppressing the occurrence of warping to a 
very small degree, featuring a high junction strength 
between the sintered metal layer and the plate, and 
being suited for use as an electrostatic chuck, and a 
method of producing the same. 

In order to solve the above problems, the present 
inventors have conducted keen study. As a result, the 
inventors discovered that; by filling an electrically 
conducting paste which contains, as a conductor 
component, metal particles having particular small 
particle sizes into a recessed portion formed in the 
surface of an aluminum nitride sintered plate, 
laminating another aluminum nitride sintered plate on 
the aluminum nitride sintered plate via a 
predetermined adhesive layer, conducting the dewaxing 
and sintering in two steps, it can be obtained an 
aluminum nitride junction body in which a sintered 
metal layer has a very low sheet resistivity, the 
warping of the sintered metal layer is suppressed to a 
very small degree, and a junction strength between the 
sintered metal layer and the sintered plate is high. 

That is, according to the present invention, 
there is provided an aluminum nitride junction body 
comprising two pieces of aluminum nitride sintered 
plates joined to each other, and a sintered metal 
layer of tungsten or molybdenum formed on a junction 
surface thereof, said sintered metal layer having a 
thickness of 15 to 100 wherein a sheet resistivity 

of the sintered metal layer is not larger than 1 Q/D, 
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warping of the sintered metal layer is suppressed to 
be not larger than 100 pm/100 mm, and a shear strength 
between the sintered metal layer and the aluminum 
nitride sintered plate on the junction surface is not 
5 smaller than 4 kg/mm^. 

In the junction body of the invention, it is 
desired that the area ratio of the sintered metal 
layer on the junction surface is in a range of 50 to 
90%. 

10 The invention further provides a method of 

producing an aluminum nitride junction body comprising 
the steps of: 

providing two pieces of aluminum nitride sintered 
plates ; 

15 forming a recessed portion in a surface of one 

aluminum nitride sintered platen- 
charging an electrically conducting paste 
containing, as a conductor component, a tungsten 
powder or a molybdenum powder having an average 

20 particle size (D50) of not larger than 3.5 \im into the 
recessed portion; 

forming an adhesive layer by applying an adhesive 
paste containing aluminum nitride as an adhesive 
component onto the whole surface of the aluminum 

25 nitride sintered plate charged with the electrically 
conducting paste; 

dewaxing the electrically conducting paste and 
the adhesive paste; 

effecting a primary sintering while contacting 

30 the other aluminum nitride sintered plate onto the 
surface where the adhesive layer is formed of the 
aluminum nitride sintered plate with a pressure of 0.5 
to 10 MPa at a temperature of 1600 to 1700"C for 0.5 
to 4 hours; and 

35 effecting a secondary sintering at a temperature 



of 1800 to 1900'C for 2 to 8 hours following the 
primary sintering . 

In the above production method, it is desired 
that the electrically conducting paste is charged into 
the recessed portion in an amount^ calculated as a 
solid component, of 1.05 to 1.5 times as great as the 
volume of the recessed portion. 

The aluminum nitride (AIN) junction body of the 
invention permits the sintered metal layer to be 
warped little, and is preferably used, particularly, 
as an electrostatic chuck to uniformly hold the whole 
back surface of the semiconductor wafer by adsorption. 

Further, the sintered metal layer incorporated 
therein is a dense composition having a sheet 
resistivity of not larger than 1 □/□. Therefore, the 
sintered metal layer exhibits a very high electric 
conduction as compared to the conventional AlN 
junction bodies. The invention further features a 
very high shear strength between the sintered metal 
layer and the AIN sintered plate on the junction 
surface. Therefore, when used as an electrostatic 
chuck, the AIN junction body of the invention 
suppresses local generation of Joule's heat or 
electric discharge in the sintered metal layer even 
after it is repetitively used for extended periods of 
time in the latest apparatus for producing a 
semiconductor, and exhibits stable performance for 
extended periods of time. 
(Brief Description of the Drawings) 

Fig. 1 is a partly cut-away perspective view 
illustrating an aluminum nitride junction body of the 
inventions- 
Fig. 2 is a side sectional view of the aluminum 
nitride junction body of Fig. 1; and 

Fig. 3 is a view of concept illustrating how to 
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measure the warping of a sintered metal layer. 
(Best Mode for Carrying Out the Invention) 

The invention will now be described in detail 
with reference to the drawings, but it should be noted 
5 that the embodiment of the invention is in no way 
limited to the one that is shown in the drawings. 
(Aluminum nitride junction body) 

In Figs. 1 and 2, the AIN junction body of the 
invention is obtained by joining two pieces of 

10 aluminum nitride (AIN) sintered plates 1-a and 1-b 
together, and a sintered metal layer 2 is formed on 
the junction interface. Though not illustrated, a 
via-hole conductor is usually provided in, for 
example, the sintered plate 1-a by charging an 

15 electrically conducting paste into the through hole, 
and an electric current is fed to the sintered metal 
layer 2 through the via-hole conductor. 

The AIN sintered plates 1-a .and 1-b, usually, 
have a thickness of 1 to 100 mm and, preferably, 5 to 

20 50 mm- The two pieces of AIN sintered plates may have 
the same thickness- When used as an electrostatic 
chuck, however, it is desired that the AIN sintered 
plate 1-b has a small thickness to work as a 
dielectric layer on the side of the wafer-placing 

25 surface (on the side of the adsorbing surface) and the 
other AIN sintered plate 1-a has a large thickness to 
maintain strength. In particular, the AIN sintered 
plate 1-b working as a dielectric layer has a 
thickness of about 1 to about 20 mm. 

30 Further, when used as, for example, an 

electrostatic chuck, the AIN sintered plates, usually, 
have a circular shape on a plane. 

In the present invention, the sintered metal 
layer 2 forms a circuit pattern of electrodes in the 

35 use of the electrostatic chuck, and may exist simply 
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as a solid pattern as shown in Fig. 1 or may exist as 
a linear pattern. 

The sintered metal layer 2 is formed by sintering 
a powder of a high-melting metal such as tungsten or 
molybdenum. That is, if the sintered metal layer 2 is 
formed by using a low-melting metal, the metal may 
diffuse into the AIN sintered plate during the 
sintering causing the AlN sintered plate to possess a 
decreased volume resistivity (decreased dielectric 
constant) . Further, the low-melting metal flows into 
the whole junction interface of the AlN sintered 
plate, and an electric current may leake to the 
external side when it is used as the electrostatic 
chuck. Therefore, the sintered metal layer 2 is 
formed by using tungsten or molybdenum which is a 
high-melting metal . 

The area ratio of the sintered metal layer 2 that 
occupies the junction surface is, desirably, in a 
range of 50 to 90% and, particularly, 60 to 80% from 
the standpoint of holding the whole back surface of 
the wafer by adsorption. When the sintered metal 
layer 2 is formed maintaining a high area ratio, 
warping tends to occur. According to the present 
invention, however, the warping is effectively 
suppressed as will be described later. 

The thickness of the sintered metal layer 2 
should lie in a range of 15 to 100 ym and, 
particularly, 20 to 90 jam. That is, when the 
thickness of the sintered metal layer 2 is smaller 
than 15 ym, it becomes difficult to lower the sheet 
resistivity to a sufficient degree. When the 
thickness exceeds 100 ]im, on the other hand, the 
effect is not enhanced any more for improving the 
sheet resistivity and, besides, it becomes difficult 
to suppress the warping. Further, the sintered metal 
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layer 2 is- thickly formed as described above and is 
buried in the recessed portion 3 formed in the AlN 
sintered plate 1-a. 

The AlN junction body of the invention is 
produced by a method that will be described later and 
exhibits excellent properties that could not be 
obtained by the conventional counterparts. That is, 
the sintered metal layer 2 has a low sheet 
resistivity. Despite the sheet resistivity is low 
and, further, despite the sintered metal layer 2 is 
thick having a high area ratio, the warping can be 
effectively suppressed. Besides, the junction 
strength is great between the sintered metal layer 2 
and the AlN sintered plate 1-b on the junction 
surface . 

For example, the sheet resistivity of the 
sintered metal layer 2 can be lowered to some extent 
by increasing the thickness thereof but faces the 
limitation. According to the present invention as 
will be described later, however, the sintered metal 
layer 2 is formed through firing by using an 
electrically conducting paste containing a metal (W or 
Mo) powder of a small particle size and, hence, 
exhibits a sheet resistivity of not larger than 1 Q/G 
and, particularly, not larger than 1 x 10'^ Q/D, which 
is very highly conductive. The lower limit of the 
sheet resistivity is determined by the theoretical 
resistivity of a high-melting metal constituting the 
sintered metal layer 2 and the thickness of the layer 
and is, usually, 1 x 10"^ Q/D. 

Further, when the sintered metal layer is formed 
by using the electrically conducting paste containing 
a metal powder of a small particle size as described 
already, the sintered metal layer tends to be warped 
to a large degree. Besides, the sintered metal layer 
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2 tends to be warped to a large degree even when the 
thickness of the sintered metal layer 2 is increased 
or the area ratio thereof is increased- In the 
present invention in which the two pieces of AIN 
5 sintered plates 1-a and 1-b are joined together by 
using a predetermined adhesive and through the two 
steps of sintering as will be described later, the 
warping of the sintered metal layer 2 can be 
suppressed to a large extent. 

10 Referring to Fig. 3, a maximum distance R (pm) of 

the sintered metal layer 2 is measured from a straight 
line (dot-dash chain line) connecting two end points 
of the sintered metal layer 2 on a cross section 
intersecting the sintered metal layer 2 at right 

15 angles, and the warping (W) of the sintered metal 

layer 2 is calculated from the maximum distance R and 
the length L (mm) between the end points according to 
the following formula, 

W (pm/100 mm) = (R/L) x 100 

20 In the AIN junction body of the present 

invention, the warping of the sintered metal layer 2 
calculated according to the above formula is not 
larger than 100 |am/100 mm and, particularly, not 
larger than 70 pm/lOO mm. Though there have 

25 heretofore been proposed AIN sintered bodies that have 
been suppressed from warping to some extent, their 
sheet resistivities are about 3 Q/D after all, and are 
not satisfactory for being used as the electrostatic 
chuck. The AIN sintered body of the present invention 

30 had not at all been known so far, suppressing the 

warping to a very small degree despite of its very low 
sheet resistivity (not higher than 1 Q/D. 

In the present invention, further, the. junction 
strength is very high between the sintered metal layer 

35 2 and the AIN sintered plate 1-b on the junction 
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surface. The junction strength can be evaluated in 
terms of a shear strength measured by using a die 
shear tester. The AIN junction body of the present 
invention exhibits a shear strength between the 
sintered metal layer 2 and the AIN sintered plate 1-b 
of not smaller than 4.0 kg/mm^ and, particularly, in a 
range of 5.0 kg/mm^ to 8.0 kg/mm^ as demonstrated in 
Examples appearing later. That is, to avoid oxidation 
of the metal, the sintered metal layer is formed 
through firing in a carbon furnace resulting in the 
formation of a carbide on the surface of the sintered 
metal layer. Therefore, the conventional AIN junction 
bodies have a low junction strength between the 
sintered metal layer and the AIN sintered plate. 
According to the method of the present invention that 
will be described later, however, formation of carbide 
on the surface of the sintered metal layer is 
effectively prevented, and a high shear strength is 
exhibited as described above. 

(Production of the aluminum nitride junction body) 

The AIN junction body of the present invention is 
produced by, first, providing two pieces of aluminum 
nitride sintered plates that have been prepared in 
advance, forming a recessed portion, charging an 
electrically conducting paste into the recessed 
portion, forming an adhesive layer, effecting the 
dewaxing, and joining the two plates together through 
the sintering in two steps. 
<Aluminum nitride sintered plates> 

The AIN sintered plates usually contain a 
sintering assistant in an amount of not larger than 1% 
by weight and, preferably, not larger than 0.5% by 
weight, and are desirably joined together maintaining 
reliability through the firing at a temperature that 
will be described later. As described earlier. 
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further, the AIN sintered plates to be joined together 
may have the same thickness or different thicknesses. 

Though there is no particular limitation on the 
method of producing the AIN sintered plates, it is a 
5 widely employed practice to add together 100 parts by 
weight of an AIN powder, 2 to 5 parts by weight of an 
organic binder such as an acrylic binder, and, as 
required, 0.3 to 1.0 part by weight of a dispersant 
such as a long-chain hydrocarbon ether dispersant, and 

10 10 to 20 parts by weight of a dispersant such as 
ethanol, mixing them together to prepare a slurry 
thereof, forming the slurry into a plate, decomposing 
and removing the organic binder (dewaxing) and, then, 
firing the plate to produce the AIN sintered plates. 

15 To carry out the forming, the slurry is 

granulated by using, for example, a spray drier, the 
granulated powder is molded in a metal mold and is, 
then,, formed by a cold isostatic press method. It is 
desired that the dewaxing is conducted in the air at 

20 550 to eSO'C, and the firing is conducted in a 
nitrogen atmosphere at 1850 to 1900'C. 

The surface of the sintered plate obtained as 
described above is ground such that the surface 
roughness Ra (average roughness) is not larger than 

25 0 . 8 vim for strongly joining the sintered metal layer 

that will be described later and the aluminum nitride, 
as well as for strongly joining the aluminum nitride 
sintered plates together. 
<Step of forming a recessed portion> 

30 The recessed portion 3 is formed in a range 

(pattern) where the sintered metal layer 2 is to be 
made present in the surface (junction surface) of one 
of the aluminum nitride sintered plates obtained by 
the method described above. It is desired that the 

35 recessed portion 3 is formed in the surface of the 
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sintered plate having a large thickness (aluminum 
nitride sint.ered plate represented by 1-a in Fig. 1) 
among the two pieces of the aluminum nitride sintered 
plates. The depth of the recessed portion 3 is 
5 determined depending upon the thickness of the 

sintered metal layer 2 that is to be formed and is set 
in a range of, for example, 15 to 100 yim. 

The recessed portion 3 can be formed by a known 
method such as sand blast, machining, etc. 

10 <Step of charging the electrically conducting paste> 
Next, the electrically conducting paste is 
charged into the recessed portion 3 to form the 
sintered metal layer 2. That is, the electrically 
conducting paste contains a tungsten powder or a 

15 molybdenum powder (hereinafter simply referred to as 
metal powder) as a conductor component. It is 
important that the metal powder is a fine powder 
having a volume-based average particle size (Dso) of 
not larger than 3.5 \im and, preferably, 1 to 3 ym as 

20 measured by, for example, a laser diffraction/light 

scattering method. Use of the fine metal powder makes 
it possible to increase the density of the sintered 
metal layer 2 and to decrease the sheet resistivity to 
lie within the above-mentioned range. If the average 

25 particle size exceeds 3.5 ym, it becomes difficult to 
increase the density of the sintered metal layer 2; 
i.e., voids form in the sintered metal layer 2, and 
the sheet resistivity increases. 

It is desired that the above metal powder 

30 contains coarse particles having diameters of not 

smaller than 10 jam. in an amount of not larger than 1%. 
If coarse particles exist in large amounts, many voids 
remain in the sintered metal layer 2 often permitting 
abnormal electric discharge to take place in the 

35 sintered metal layer 2. 



It is further desired that the above metal powder 
has a BET specific surface area of not smaller than 
0-1 m-/g and, particularly, in a range of 0.1 to 1.3 
m^/g. If the specific surface area is smaller than the 
above range, the contact areas decrease among the 
metal particles, whereby the sintering is not 
favorably accomplished and voids tend to remain in the 
sintered metal layer 2. 

The above electrically conducting paste is 
prepared by known means, such as mixing the metal 
powder with a solvent like a terpineol and, as 
required, with a dispersant like an ethyl cellulose. 
Usually, the solvent is used in an amount of 12 to 18 
parts by weight and the dispersant is used in an 
amount of about 1 to 5 parts by weight per 100 parts 
by weight of the metal powder. The electrically 
conducting paste is charged into the recessed portion 
3, usually, by coating, screen-printing or the like 
method - 

It is desired that the electrically conducting 
paste is charged in an amount, calculated as a solid 
component after drying, of 1.05 to 1.5 times as great 
and, preferably, 1.1 to 1.3 times as great as the 
volume of the recessed portion 3. Namely, the 
electrically conducting paste containing the metal 
powder of small particle sizes shrinks to a 
conspicuous degree. Charging in an amount slightly 
greater than the volume of the recessed portion 3 
relaxes the shrinking and more favorably prevents the 
obtained AIN junction body from warping. 
<Step of forming the adhesive layer> 

In the present invention, it is important that 
the electrically conducting paste is charged into the 
recessed portion 3 in the AlN sintered plate 1-a 
followed by drying, and the adhesive paste containing 
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the aluminum nitride as an adhesive component is 
applied onto the whole surface (junction surface) of 
the AIN sintered plate 1-a inclusive of the paste- 
charged surface, to thereby form the adhesive layer. 
5 That is, according to the conventional method of 

production, the electrically conducting paste (metal 
powder) is fired to form the sintered metal layer 2 
and, then, the adhesive layer is formed to join the 
AIN sintered plate. According to the present 
10 invention, on the other hand, the adhesive layer is 
formed prior to firing the electrically conducting 
paste, and the AIN sintered plate 1-b is stuck in a 
state where the adhesive layer has been formed and has 
been sintered. 

15 When the sintered metal layer 2 is formed by 

using an electrically conducting paste containing a 
metal powder of fine particle sizes as a conductor 
component and by firing the electrically conducting 
paste (metal powder) as described already, the 

20 shrinking occurs to a large extent at the time of 

firing causing the sintered metal layer 2 to be warped 
to a large extent. The sintered metal layer 2 that is 
warped to a large extent makes it difficult to 
subsequently conduct the junction of the AIN sintered 

25 plate 1-b. Even if it were joined, the obtained 

junction body retains the warping. According to the 
present invention, on the other hand, a gap forming in 
the junction interface due to the shrinking of when 
the metal powder in the electrically conducting paste 

30 is fired, is compensated by the adhesive layer, making 
it possible to effectively suppress the warping. 

Further, the adhesive layer is highly wettable 
for the AIN sintered plate and can be integrated with 
the AIN sintered plate through the sintering that will 

35 be described later. Therefore, the AIN sintered 



plates can be joined together more strongly. Besides, 
in the present invention, the electrically conducting 
paste is sintered in a state where the adhesive layer 
is formed making it possible to greatly enhance the 
junction strength between the sintered metal layer 2 
and the AIN sintered plate 1-b. Namely, the 
electrically conducting paste is fired in a reducing 
atmosphere for preventing the metal powder and the AlN 
sintered body from being oxidized; i.e., the 
electrically conducting paste is fired in, for 
example, a carbon furnace. Therefore, if the 
electrically conducting paste is fired in a state 
where the adhesive layer is not existing, the metal 
powder can be prevented from being oxidized, but the 
surface of the obtained sintered metal is transformed 
into a carbide thereof resulting in a decrease in the 
junction strength between the AIN sintered plate 1-b 
and the sintered metal layer 2. According to the 
present invention, on the other hand, the adhesive 
layer that is formed on the electrically conducting 
paste serves as a protection layer suppressing the 
surface of the sintered metal layer 2 from being 
transformed into a carbide thereof, enhancing the 
junction strength between the sintered metal layer 2 
and the AIN sintered plate 1-b, and making it possible 
to increase the shear strength to lie, for example, in 
the above-mentioned range. 

In the present invention, the adhesive paste used 
for forming the above adhesive layer is prepared by 
mixing the aluminum nitride powder, a solvent such as 
a terpineol and, as required, a dispersant such as an 
ethyl cellulose like the above-mentioned electrically 
conducting paste. The amounts of blending the solvent 
and the dispersant may be in the same ranges as those 
of the above electrically conducting paste. It is 
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desired that the AlN powder that is used has fine 
particle sizes like the above-mentioned metal powder 
from the standpoint of preventing the warping, the 
average particle size (D50) thereof being not larger 
5 than 3.5 \im and, particularly, in a range of 1 to 3 
|im, and the content of coarse particles having 
particle sizes of not smaller than 10 \im therein being 
not larger than 1%. Such fine AlN particles are very 
advantageous for exhibiting a high anchoring effect 

10 for the surface of the sintered metal layer 2 or for 
the surface of the AlN sintered plate to obtain a 
large junction strength. 

By using the adhesive paste, the adhesive layer 
is formed by coating or by printing like when the 

15 electrically conducting paste is charged. The 

thickness of the adhesive layer is preferably 10 to 
100 pm. 

<Dewaxing step> 

In the present invention, the electrically 
20 conducting paste and the adhesive layer (adhesive 

paste) are dewaxed after the adhesive layer is formed 
on the whole junction surface of the AlN sintered 
plate 1-a. 

The dewaxing is conducted under the conditions of 
25 a nitrogen atmosphere, at a temperature of 850 to 
950''C and, preferably, 880 to 930*C, usually, for 
about 2 to 5 hours - 
<Steps of sintering> 

In the present invention, after the above 
30 dewaxing, another AlN sintered plate 1-b is laminated 
on the junction surface of the AlN sintered plate 1-a 
on which the adhesive layer has been formed having 
been dewaxed, and the sintering is effected in two 
steps, i.e., a primary sintering and a secondary 
35 sintering. 
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In the step of the primary sintering, first, the 
heat treatment is conducted while press-contacting the 
AIN sintered plate 1-b under a pressure of 0.5 to 30 
MPa and, particularly, 1 to 10 MPa at a temperature of 
5 1600 to 1700'C and, particularly, 1650 to 1700^0 for 
0.5 to 4 hours and, particularly, 1 to. 2 hours. 

In the subsequent step of the secondary 
sintering, the AIN sintered plate 1-b is heat-treated 
in a state of being press-contacted at a temperature 
10 of 1800 to not higher than 1900*C, particularly, 1850 
to 1890*C for 2 to 8 hours and, particularly, 4 to 6 
hours . 

Due to the sintering in two steps, the metal 
powder (W powder or Mo powder) in the electrically 
15 conducting paste and the AIN powder in the adhesive 
layer are sintered, and the AIN junction body of the 
invention is obtained having the above-mentioned 
properties. 

That is, in the present invention,, the sintering 

20 is effected in two steps and, hence, the metal 

particles are gradually sintered. Accordingly, the 
shrinking does not proceed at one time. Gaps formed 
in the junction interface due to the shrinking are 
filled with the AIN particles in the adhesive layer, 

25 and the warping is effectively suppressed being filled 
with the AIN particles. Due to the heating in the 
step of the primary sintering, further, the sintered 
body particles that are in contact are weakly joined 
together to false-secure the AIN sintered plate 1-b. 

30 In this state, the step of the secondary sintering is 
effected to form a strong junction. Namely, a large 
shrinking in the step of the secondary sintering is 
suppressed by the AIN sintered plate 1-b that is 
false-secured, and it is estimated that the warping of 

35 the sintered metal layer 2 is suppressed even by the 
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suppression of shrinking. 

Further, since the sintering is effected in two 
steps in the presence of the adhesive layer containing 
the AIN fine powder, not only the AIN sintered plates 
5 are joined together but also the junction surface 
between the sintered metal layer 2 and the AIN 
sintered plate l~b becomes dense without gaps owing to 
the anchoring effect of the adhesive layer, and a 
large junction strength is maintained- 

10 For example, when the sintering is effected by 

elevating the temperature at one time up to the 
temperature of the step of the secondary sintering 
without effecting the primary sintering, the metal 
powder shrinks (i.e., the sintered metal layer 2 

15 shrinks) at one time causing the sintered metal layer 
2 and the obtained junction plate to be greatly 
warped. When the heating time in the step of the 
primary sintering is shorter than the above range, 
too, a similar problem arouses. When the temperature 

20 in the step of primary sintering is lower than the 
above range, the result is the same as when the 
primary sintering is not effected. When the time of 
the step of the primary sintering is longer than the 
above range, the metal (W or Mo) in the sintered metal 

25 layer 2 diffuses into the AIN sintered plates 1-a and 
1-b, whereby the sintered metal layer 2 is unevenly 
distributed, and the obtained junction body is not 
suited for use, particularly, as an electrostatic 
chuck . 

30 When the temperature of the step of the secondary 

sintering is lower than the above range, the AIN 
sintered plate 1-b is not joined. When the 
temperature of the step of the secondary sintering is 
higher than the above range, too, the metal in the 

35 sintered metal layer 2 diffuses into the AIN sintered 



plate, whereby the sintered metal layer 2 is unevenly 
distributed and warps to a large extent causing the 
junction body itself to be greatly warped. When the 
temperature of the step of the secondary sintering is 
5 lower than the above range, the sintered metal layer 2 
does not become dense and the sheet resistivity 
increases. Further, when the time of the step of the 
secondary sintering is shorter than the above range, 
the junction becomes insufficient, and peeling easily 

10 occurs in the junction interface. When the time of 

the step of the secondary sintering is longer than the 
above range, the warping increases. 

When the pressure acting on the junction surfaces 
of the AlN sintered plates is smaller than the above 

15 range throughout the heating in the step of the 

primary sintering and in the step of the secondary 
sintering, the junction force decreases. When the 
pressure is too strong, on the other hand, the 
sintered plates are broken and the yield decreases. 

20 The step of the primary sintering and the step of 

the secondary sintering are conducted in a reducing 
atmosphere containing carbon to prevent the sintered 
metal and AlN from being oxidized. In the present 
invention, however, the adhesive layer is formed on 

25 the electrically conducting paste that forms the 
sintered metal layer 2 in the step of sintering, 
making it possible to effectively avoid the surface of 
the sintered metal layer 2 from being transformed into 
a carbide thereof by the firing in a carbon 

30 atmosphere. Upon preventing a drop in the junction 
force due to the transformation into a carbide, the 
AlN junction body of the present invention features a 
high junction force between the sintered metal layer 2 
and the AlN sintered plate 1-b, and exhibits a very 

35 high shear strength. 
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The thus obtained AlN junction body of the 
invention is effective particularly as an 
electrostatic chuck but can also be used in other 
applications, such as a heater (the sintered metal 
layer 2 works as a heat-generating plate) . 

The AlN junction body of the present invention 
can be used as an electrostatic chuck maintaining its 
structure in which the sintered metal layer is held 
between the two pieces of AlN sintered plates as shown 
in Fig. 1. To the above junction body can be further 
joined another AlN sintered plate interposing another 
sintered metal layer therebetween to obtain a junction 
body of a three-layer structure by joining three 
pieces of AlN sintered plates. The above junction may 
be further repeated to obtain a junction body of a 
multi-layer structure. Further, by regarding the 
junction body of a structure in which the sintered 
metal layer is sandwiched between the two pieces of 
AlN sintered plates as a unit, many units of junction 
bodies may be joined together to use a junction body 
of a multi-layer structure. 
(Examples) 

The effects of the invention will be described in 
further detail by way of Examples and Comparative 
Examples . 

Properties of the AlN junction bodies appearing 
in the following Examples were measured in a manner as 
described below. 

<Warping of the sintered metal layer> 

A disk-like junction body is divided into four. 
A distance to the sintered metal layer from a line 
connecting two end points of the sintered metal layer 
is measured by using a digital measure-scope on each 
cross section to find a maximum value R thereof. The 
warping W is calculated according to the following 
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formula, 

W (yim/lOO mm) = (R/L) x 100 

where L is a distance between the two end points. 
<Sheet resistivity> 
5 One surface of the AIN sintered plate of the AIN 

junction body is ground until the sintered metal layer 
therein appears, and the sheet resistivity of the 
sintered metal layer that has appeared is measured 
relying on a four probe method. 

10 <Shear strength> 

A shear strength between the sintered metal layer 
and the AIN sintered plate on the junction interface 
is measured by using a die shear tester. 
<Adsorbing force and evaluation of durability> 

15 One surface of the AlN sintered plate of the AIN 

junction body is so ground that the thickness from the 
sintered metal layer is 0.8 mm thereby to form a 
dielectric layer, a hole of a diameter of 5 mm is 
formed up to the sintered metal layer in the center of 

20 the AIN sintered plate on the opposite side, and a 
lead wire is connected thereto so that a DC voltage 
can be applied. The junction body is set in a vacuum 
chamber, a silicon wafer which is grounded is placed 
on the surface of the dielectric layer, the pressure 

25 in the chamber is decreased down to 10 mTorr, the 

silicon wafer is pulled up while applying a voltage of 
1.5 kV to the sintered metal layer at room 
temperature, and the strength of when it is removed is 
regarded as an adsorbing force. 

30 The durability is evaluated in a manner of 

applying a DC voltage of 3 kV to the sintered metal 
layer for 10 seconds repetitively 100 times to confirm 
the occurrence of dielectric breakdown of the 
dielectric layer. 

35 <Junction state of the AIN sintered plates> 
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The junction body is cut from the center thereof 
toward the outer side maintaining an angle of 90 
degrees to obtain four cut surfaces. The interface 
between the aluminum nitride sintered plates on the 
cut surfaces is continuously photographed by using a 
scanning electron microscope (SEM) at a magnification 
of 600 times. Then, based on the photographs, the 
total number V of voids of lengths of not shorter than 
10 \im in the junction interface is found, and the 
number of voids within the length of 100 mm is found 
according to the following formula, and the junction 
state of the AIN sintered plates is evaluated on the 
following basis: 

Number of voids within the length of 100 mm - 

(V/D) X 100 where D is a length (mm) of the 

region observed by using the SEM. 
Evaluation : 

O: Number of voids within the length of 100 mm is 
smaller than 5 (junction state is favorable) . 

X: Number of pores within the length of 100 mm is 
not smaller than 5 (junction state is not 
favorable) . 

In Example, there were used the following AIN 
sintered plates, W powder and Mo powder for forming 
the sintered metal layer, and AIN powder for forming 
the adhesive paste. The average particle size is the 
volume-based diameter (D50) measured based on a laser 
diffraction/light scattering method. 
<A1N sintered plates (disks) > 

SH-50 manufactured by Tokuyama Co. 

Diameter: 215 mm 

Thickness: 12 mm 

Y Content (sintering assistant): 0.02% by weight 
Surface roughness Ra : 0.4 pm 
<W Powder> 
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C30 manufactured by Allied Material Co- 
Average particle size: 2.2 \im 

Content of coarse particles (particle sizes of 
not smaller than 10 jam): 5.0% by weight or less 
5 <Mo Powder> 

TMO-20 manufactured by Tokyo Tungsten Co. 
Average particle size: 2.2 \im 

Content of coarse particles (particle sizes of 
not smaller than 10 iJm) : 5.0% by weight or less 
10 <A1N Powder> 

Grade H manufactured by Tokuyama Co. 
Average particle size: 1.5 lam 

Content of coarse particles (particle sizes of 
not smaller than 10 ^m) : 5.0% by weight or less 
15 (Example 1) 

A recessed portion of a depth of 40 ym was formed 
by sand blasting in one surface of the AlN sintered 
plate leaving a width of 10 mm from the outer 
circumference thereof. Then, to the W powder were 
20 added an ethyl cellulose (Etocell manufactured Nisshin 
Kasei Co.) as a dispersant and a terpineol 
(manufactured by Yasuhara Chemical Co.) as a solvent 
thereby to prepare an electrically conducting paste. 
The electrically conducting paste possessed a 
25 composition of 100 parts by weight of the W powder, 

2.1 parts by weight of the dispersant, and 15.7 parts 
by weight of the solvent. 

The electrically conducting paste was charged 
into the recessed portion by a screen-printing method, 
30 and the AlN sintered plate was dried in a drier at 80°C 
for 30 minutes. The volume of solid component of the 
paste after drying was 1.3 times as great as the 
volume of the recessed portion. 

Next, to the AlN powder were added the ethyl 
35 cellulose and the terpineol to prepare an adhesive 
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paste. The adhesive paste possessed a composition of 
100 parts by weight of the AIN powder, 3 parts by 
weight of the dispersant and 70 parts by weight of the 
solvent . 

5 The adhesive paste was applied by screen-printing 

onto the whole surface of the AIN sintered plate onto 
which the electrically conducting paste has been 
printed, thereby to form an adhesive layer having a 
thickness of about 20 pm. Thereafter, the adhesive 

10 layer was dried at 80"C for 30 minutes and was, then, 
dewaxed in an electric furnace at 900 "C for 2 hours. 

Next, the AIN sintered plate in which no recessed 
portion has been formed was placed on the surface of 
the adhesive layer on the above AIN sintered plate, 

15 secured by using a sample jig made of carbon, and was 
put into a hot-pressing furnace. Then, the AIN 
sintered plates were subjected to the primary 
sintering while being applied with a load of 8.6 tf 
(pressure of 2.4 MPa) in a carbon-containing nitrogen 

20 stream at 1650"C for 2 hours, and was, then, subjected 
■ to the secondary sintering while elevating the 
temperature up to 1850 'C at a rate of 10 "C /min. and 
maintaining this temperature for 4 hours. After 
cooled down to room temperature, the AIN junction body 

25 was taken out from the furnace. The conditions for 

producing the AIN junction body were as shown in Table 
1. 

The obtained AIN junction body was measured for 
its properties by the methods described above. The 
30 results were as shown in Table 2. 
(Examples 2 to 9) 

AIN junction bodies were produced in the same 
manner as in Example 1 but changing the depth of the 
recessed portion, amount of charging the electrically 
35 conducting paste into the recessed portion and the 
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sintering conditions as shown in Table 1. The 
obtained AIN junction bodies were measured for their 
properties in the same manner as in Example 1. The 
results were as shown in Table 2. 
5 (Example 10) 

An AIN junction body was produced in the same 
manner as in Example 1 but using the Mo powder instead 
of the W powder and under the conditions shown in 
Table 1. The obtained AIN junction body was measured 

10 for its properties in the same manner as in Example 1. 
The results were as shown in Table 2. 
(Comparative Examples 1 to 4) 

AIN junction bodies were produced in the same 
manner as in Example 1 but changing the depth of the 

15 recessed portion, amount of charging the electrically 
conducting paste into the recessed portion and the 
sintering conditions as shown in Table 1. The 
obtained AlN junction bodies were measured for their 
properties in the same manner as in Example 1. The 

20 results were as shown in Table 2. 

In Comparative Example 3, the AIN sintered plate 
was easily peeled off due to a shock, and the 
adsorbing force and the durability could not be 
evaluated . 

25 (Comparative Example 5) 

An AIN junction body was produced in the same 
manner as in Example 1 but using the W powder having 
an average particle size of 5.1 ]im and containing 
coarse particles (having particle sizes of not smaller 

30 than 10 \im) in an amount of 15% by weight. The 

obtained AIN junction body was measured its properties 
in the same manner as in Example 1. The results were 
as shown in Table 2. 
(Comparative Example 6) 

35 The electrically conducting paste was charged 
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into the recessed portion of the AIN sintered plate in 
the same manner as in Example 1 but changing the 
amount of charging the electrically conducting paste 
into 1.1 times as great as the volume of the recessed 
portion- Next, the electrically conducting paste was 
dewaxed at 900 "C for 2 hours, and was heated at 1750'C 
for 3 hours to form the sintered metal layer. Here, 
the AIN sintered plate has warped by 580 jim/lOO mm. 

Next, the adhesive paste was applied onto the 
whole surface where there was existing the sintered 
metal layer of the AIN sintered plate in the same 
manner as in Example 1, and the AIN sintered plate 
having no recessed portion was placed on the adhesive 
layer, secured by the sample jig made of carbon, and 
was introduced into the hot-pressing furnace. Then, 
the AlN sintered plates were maintained at 1650 'C in a 
nitrogen stream for 2 hours while being applied with a 
load of 8.6 tf (pressure of 2.4 MPa) , and the 
temperature was elevated up to 1850 "C at a rate of 
10 'C /min. The AIN sintered plates were maintained at 
this temperature for 4 hours. After cooled down to 
room temperature, the AIN junction body was taken out 
from the furnace. The obtained AIN junction body was 
measured for its properties in the same manner as in 
Example 1. The results were as shown in Table 2. 

In the durability testing, the AIN junction body 
permitted an electric current to leak from the 
junction interface when the voltage was applied 8 
times, and the voltage could not be applied 
thereafter . 
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